What do our students think of mathematics and how do we help prepare them for the workplace? This article reports results from an open-ended questionnaire with engineering students in five countries. We investigate how they conceive of mathematics and how they perceive their university study has prepared them for the workforce. The results show that students have different ideas of mathematics itself and how they will use it. Some view mathematics as a tool to be used in their professional lives, others think they will use the analytical and problem solving skills. There were also those who do not believe they will use mathematics at all-that computers will do it all for them. Since notions about future utility can influence engagement with learning, we as teachers need to proactively expand students' perceptions of the fundamental importance of mathematics to working as an engineer. I provide an example of an assessment task that will help students expand their ideas of how they will use mathematics in their careers.
Introduction
Becoming an engineer is a journey from student to professional. There are many pieces of equipment that engineers may require, but mathematics is one accessory that is essential. Tertiary engineering courses usually include mathematics as a core subject at increasing levels of sophistication and application over the span of the degree. The end of the journey is likely to be interesting and rewarding, both in itself and in monetary terms. In Australia, graduate destination surveys show that engineering graduates who are seeking full-time employment are indeed able to find jobs, with good salaries as a bonus [1] . However, the future need for knowledge acquired at university within the workplace is often not clear to students. This not only applies to mathematics; the relevance of other parts of the curriculum to the role of an engineer may also be obscure. Indeed many students are unaware of what it would be like to work as an engineer, particularly during the early stages of their degree programs. Students' approaches to learning mathematics can be strongly influenced by their ideas about how the content and skills will be related to their professional life [10] . Understanding the requirements of C515 being a professional, in terms of both capabilities and needs, can encourage deeper engagement with the subject matter. This article investigates students' ideas of how mathematics will be used in their future work, based on an international study across five countries and which included engineering students, and presents assessment tasks to broaden these views.
Background
For an engineer, mathematics provides more than a foundation of skills and techniques; it provides a language to describe their engineering world. This gives a wide field of choice, however, and the details need to be drawn in more precisely. The 1999, 2003 and 2005 Bologna declarations [3] included statements about the skills required for qualification across Europe in a range of professions, including engineering. Mathematics courses were considered in terms of both content and teaching methods, and the conclusion drawn was that advances needed to be made in reflecting technological change, which has influenced both the professional use of mathematics and potential teaching platforms. Although engineering is an area of creativity and innovation, recent articles on mathematics in the European Journal of Engineering Education [2, 7, 8, e.g.] tend to emphasise mathematics curriculum content rather than teaching methods or a more general idea of mathematics. Conversely, Kent and Noss [5] noted in their detailed UK case study of an engineering workplace that there was extensive use of mathematical modelling and mathematical concepts (higher order), and wide use of computing tools. They also found that graduates were insufficiently trained in explaining mathematical ideas. One European study that took account of student views was undertaken by Hult et al. [4] , who found that many engineering courses did not connect well with the professional arena, and that students perceive their courses as being insufficient (see Table 1 ). They noted that:
The discourse within the Engineering programme resembles the one in Political Science in that the notion is providing students with a basic knowledge from the outset of the program. The intensity is extremely high, students' professional identity is low as they fail to see the connection to the professional field as they engage in the tasks of the freshmen studies. This naturally also impacts on their engagement in the studies. The rationale behind this discourse is to prepare students for hard work, to enhance their capacity of learning new things rapidly. The relationship to teachers is vertical; students are anonymous to teachers in the freshmen part of the studies. The rationality is goal-oriented and emphasis on communication is non-existing [4, p.7] .
Australian researchers have usually discussed engineering mathematics from the viewpoint of teaching mathematics from within a mathematics department to engineering students in a separate department. From 2000 to 2003 [13] there were around 20 studies reported on service teaching of mathematics, although Kirkup et al. [6] noted that such teaching tended to be approached in an ad hoc nature and there are difficulties in communicating across disciplinary boundaries. There were many studies on the introduction of technology such as Maple, and this trend continued from 2004 to 2007. In a study of mathematics graduates, Wood and Reid [11] found that in their workplaces they did not use some of the mathematics taught, C517 but had to learn other mathematics; they needed more computing skills and techniques; and they needed better communication skills, particularly mathematical communication. Overall Australian studies have neglected the need for training engineering students in the realities of professional life, with a focus on the tools of the trade rather than on higher ideas and skills. All of these will be needed for the journey, and teaching and learning must reflect this. Other significant oversights include the investigation of students' own ideas about their education and future life, as well as the ideas of their lecturers. Moreover, there has been little investigation directly of graduates' reflections and actual workplaces-professional organisations and employers may be consulted, but the real experience of working as an engineer (and the mathematics actually required) has been ignored as an area of study. All of these are worthwhile trails to follow in order to better equip our engineering students for their future destination.
3 Conceptions of mathematics-the study I am currently collaborating in a study that is focused on teasing out the ideas of students about what mathematics is and how they see mathematics will be used in their future. It is being run across five countries, including Australia, and here I discuss the results of an open-ended questionnaire that was administered to 1,182 mathematics students, of whom around 40% were in engineering programs. We have reported earlier on general ideas on what mathematics [9] , which also included demographic data, and student views on future use in relation to performance [12] .
We asked three open-ended questions:
• What is mathematics?
• What part do you think mathematics will play in your future study?
• What part do you think mathematics will play in your future career?
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For this article I focus on the first and third of these: the conceptions of mathematics, and the perceptions of the role it may play within a career. The views about mathematics held by engineering students in our sample varied little from those who intended to specialise in other areas, except that they were more likely to think of mathematics as a tool rather than having a structure.
What is mathematics? The participants saw mathematics in many different ways and these quotes from their statements gives an indication of the general range:
• A waste of time.
• Calculation, computing. A useful tool for everybody.
• Mathematics is the way that we can explain the physical phenomena surrounding us.
• Conceptual thought and logical development of ideas.
• Mathematics is a way to approach life in an analytical manner as to support and formalise natural processes. In a sense it is a way to understand how life works.
Our approach to analysing the statements from the more than 1,000 participants involved our group of researchers reading all of them a few times, then developing groups of kinds of statements (categories). We held extensive discussions about the ways the statements could be grouped, then finally selected three main categories that incorporated not only individual statements but the body of statements as a whole: components/tools; structure (modelling/abstract concepts); life/career. A further two statements did not quite fit these categories and could be defined as new/creativity. These categories can be ranked from low (such as computation tools 52%; through C519 structure 34%) to high (6%). Ten percent of responses could not be categorised.
What part do you think mathematics will play in your future career? The results we found for responses to this question highlight the uncertainty that many students feel about what it means to be a professional, and how the skills and knowledge they are acquiring at university will be applicable to the workplace. A surprising number gave answers that could be categorised as "No idea", or were very vague (such as "A small part", or "I'm not exactly sure"), while a significant proportion gave responses that dealt with mathematics as comprised of components and techniques. Although some of the students were doing mathematics as an adjunct to a seemingly unrelated course (such as international studies), most were heading for careers in which mathematics would play an intrinsic role. Here are some quotes from the participants:
• Am I a fortune teller?
• Not very big. Computer programs will do all the work and applications for you.
• It will help me do my job as an engineer in determining forces acting on or in an object in which I am designing.
• Studying mathematics has refined my problem solving skills and analytical skills. It has helped develop my intuition in dealing with numerical and other problems.
• I love maths and I think it will play substantial role in my career. It will help me solving engineering problems.
The uncertainty they felt reflects their responses to the question "What is mathematics", where few demonstrated higher level conceptions. However, C520 they did at least have clear opinions about mathematics, whereas they showed a much greater level of haziness when asked about their future.
Implications for teaching
Students in our classrooms have very different ideas of what mathematics is; why they are learning it; and what they are going to do with it once they graduate. This in turn leads to different approaches to learning and different outcomes for each student. Final year students in our study displayed a greater degree of higher level conceptions, but still far too many saw mathematics, and its role in their future, in a simplistic way. Thus the nexus between university and professional work is shadowy indeed for many of our students.
The connection between what is learnt in mathematics and working as an engineer is not clear, as one student put it: "It is a series of courses designed to make engineering more difficult than it is." Does this affect our teaching? It certainly should-as teachers we need to take into account the range of ideas that students hold and we must design learning experiences that motivate and extend students to move to higher level conceptions. There are various taxonomies for designing assignment and examination questions and for developing learning strategies, such as the one use by the calculus reform movement which looks at each mathematical situation from three viewpoints: algebraic, graphical and numerical. The system I use, which I have given the acronym talc, is formulated on the basis of encouraging the development of higher level thinking about mathematics and follows these guidelines:
• Techniques (components)
• Applications (modelling structure)
• Life/career-linking what students have learnt to their engineering field or engineering work C521
• Creativity (something new, innovative or original)
I present an example of an assessment task that I have used with engineering students. (ii) Find the matrix transformation that will rotate the unit square around the y axis.
(iii) Find the matrix transformation that will reflect the unit square around the line y = x .
(iv) Find the matrix transformation that will reflect the unit square around the line y = −x .
Question 2 (8 Marks) Imagine you are tutor teaching how to rotate, translate and skew a unit square using matrix transformations to our class. In about four pages, design a handout to teach this topic to the class.
Conclusion-Working as an engineer
Engineering students are on a journey to a career, and mathematics is one of the essential pieces of equipment. As university teachers, we try to set them up for their futures but we do not always succeed. The study of mathematics has much to offer an engineer beyond a mere set of techniques, nonetheless, the use of mathematics within the job of engineer is not necessarily selfevident to an undergraduate student, and hence it is not easy for students to make a connection between what they are learning at university and what they will be doing after graduation. Our research shows that some of our students have recognised the importance of skills such as problem solving and logical thinking in their journey to becoming a professional, while for most we need to make a greater effort in clarifying the link between university subjects and the workplace.
